ing on the eruption status of impacted permanent teeth as shown on longterm followup radiographs. The followup periods were 3, 13, and 13 years, respefctively. Case 1 A 7yearold girl visited our department of orthodontics complaining of maxillary hypoplasia in 2016. The 32year old mother of this child also had CCD. Due to the family history, the parents were prepared for the possibility that their child had CCD, and they had scheduled regular visits at a dental hospital. Underdevelopment of the clavicle (de ficient clavicles) was observed on a chest radiograph taken 6 years prior at a medical hospital (Fig. 1) .
Case Report
A panoramic radiograph was obtained and revealed de layed eruption of multiple permanent teeth and a small ra diopaque body above the dental follicle of the right lower canine ( Fig. 2A) . The radiopaque body exhibited a structure resembling that of a tooth and was found to be an impacted supernumerary tooth. Elective removal of this supernumer ary tooth was performed because the tooth could otherwise prevent the eruption of the right lower canine. When the patient was 8 years old, partial orthodontic treatment was begun for maxillary anterior crowding, which was the chief complaint of the patient and her guardians. Lateral and pos teroanterior skull radiographs were taken to evaluate the bony structures of the craniofacial region; these revealed characteristic features, including hypoplasia of the maxilla, Wormian bone in the cranial suture, and parietal bossing (Figs. 2B and C).
When the patient was 10 years old, another panoramic radiograph was obtained for reevaluation of her dento maxillofacial status (Fig. 3 ). It revealed 3 newly formed supernumerary teeth, all of which were found between the canine and first premolar of the upper right, upper left, and lower left regions. When the patient was between 7 and 10 years of age, the upper and lower premolars had almost erupted due to extraction of the overlying supernumerary teeth and ortho dontic treatment. After the patient underwent proper ortho dontic treatment, panoramic radiography showed normal eruption patterns.
Case 2
A 23yearold man visited our dental hospital in 2005 complaining of delayed eruption of permanent teeth. Several radiographic images of the patient were obtained in order to make an accurate diagnosis. A panoramic ra diograph (Fig. 4A) showed multiple impacted permanent teeth and prolonged retention of numerous deciduous teeth. Supernumerary teeth were observed on the dis tal side of the left upper third molar and above the right lower first premolar. The lateral skull view and the sag ittal view on conebeam computed tomography (CBCT) showed maxillary hypoplasia and the presence of Worm ian bone in the rhomboidal suture (Figs. 4B and C). Wa ters' view ( Fig. 4D) showed downward displacement of the zygomatic arch, a small maxillary sinus, parietal bossing, and a large anterior fontanelle. Orthodontic treat ment, including extraction of supernumerary teeth, was planned, but at that time, the patient did not receive ade quate dental care.
After 12 years, the same patient visited our dental hospi tal with the same chief complaint. A panoramic radiograph (Fig. 5A) showed similar radiological characteristics, in cluding multiple impacted permanent teeth, supernumerary teeth, and sclerosis of toothbearing alveolar bone. Many deciduous teeth were retained with the corresponding per manent teeth absent, and generalized periodontal bone loss was evident. Some teeth displayed slight eruption, but most were still impacted despite the 12year period that had elapsed. Some teeth seemed to have erupted, not due to a healthy eruption process, but because of the loss of sur rounding alveolar bone and numerous deciduous and per manent teeth. The exception was the lower second premo lars on both sides, which had erupted to the occlusal level. Dense alveolar bone was observed around both lower premolar regions. A coronal CBCT image clearly showed a sclerotic appearance of both mandibular premolar regions (Fig. 5B) . The patient's chest radiograph showed congeni tal ossification defects in both clavicles. Another observed skeletal deformity was spina bifida in the lower cervical spine and the upper thoracic spine (Fig. 6) .
The patient began orthodontic treatment at 35 years of age. After orthodontic treatment, the impacted permanent teeth showed a progressive tendency to erupt in the cor onal direction (Fig. 7) , which seemed to be related to the extraction of deciduous teeth and orthodontic force applied with orthodontic buttons. This case shows that in a CCD patient, tooth eruption did not occur without proper dental treatment, despite the passage of a 12year period. Of particular note, in both the left and right posterior mandibles, the second primary molars were missing, and the eruption of both overlying second premolars was achieved without intentional dental treatment. It is unclear whether the loss of deciduous teeth was the cause or the result of tooth eruption. This case also showed that tooth eruption can be achieved with proper orthodontic treatment even in adult CCD patients.
Case 3
A 46yearold woman visited our dental hospital in 2005 for the treatment of uncomfortable dentures. Panoramic radiography revealed multiple impacted permanent teeth and impacted supernumerary teeth (Fig. 8A) . Another char (Fig. 9) . After 13 years, the patient visited our dental hospital complaining of swollen gingiva around her upper left ca nine. A panoramic radiograph (Fig. 10A) showed multiple impacted permanent teeth and impacted supernumerary teeth similar to the finding in the image obtained 13 years prior. To obtain more detailed visual information to facil itate proper diagnosis, CBCT images were taken (Figs. 10BD) and revealed multiple supernumerary teeth. The 5 supernumerary teeth were located in the areas of the right upper canine, left upper central incisor (with a dentigerous cyst), lower left first and second premolar, and lower right central incisor. Additionally, most of the supernumerary teeth displayed incomplete root formation. As in case 2, this case also supports the concept that tooth eruption does not occur without proper dental treatment, despite the pas sage of more than 10 years. 
A B discussion
Recent detailed clinical investigations have shown that CCD is a generalized skeletal dysplasia affecting not only the clavicles and the skull, but the entire skeleton. CCD is therefore considered to be a dysplasia rather than a dysos tosis. 9 Since early diagnosis of CCD is essential for initiating appropriate treatment, dentists should be aware of the characteristic features of CCD. 4 CCD may present with a triad of features: multiple supernumerary teeth and de layed eruption of permanent teeth, partial or complete ab sence of the clavicles, and open sagittal sutures and fon tanelles. This triad is pathognomonic for the diagnosis of CCD. 10 This case report describes the clinical and radiographic manifestations of 3 CCD cases and investigates the erup tion patterns of the patients' impacted permanent teeth. All 3 cases showed the delayed eruption of impacted per manent teeth, especially the anterior and premolar teeth. This delayed eruption is presumed to be related to the presence of incomplete cellular cementum or the reduced ability of periodontal ligament cells to induce osteoclastic differentiation. 8, 11 In case 1, a newly formed radiopaque mass was ob served when the patient was around 910 years old. Since the visible dental signs of CCD, such as supernumerary teeth or eruption failure, are usually associated with the permanent dentition, and the hypoplastic midface usually becomes apparent only after the pubertal growth spurt of the mandible, the CCD of many patients is not recognized in their younger years. 4 Since the mother in case 1 had CCD, she was able to recognize the mild features of the condition in her daughter. Therefore, the young patient started orthodontic treatment at the age of 8 years and quickly showed successful treatment outcomes of erup tion patterns. Case 2 involved a patient in whom several deciduous teeth were missing over a 12year period, and some of his impacted permanent teeth showed eruption without ortho dontic treatment.
Dense alveolar bone was apparent in the upper and 
A B
ies have suggested that the hyperdontia evident in cases of CCD may be regulated by environmental influences, along with epigenetic factors. 13 Histological studies have shown that abnormal alveolar bone and cementum are associated with CCD. 11 However, the presumption that cellular cementum is essential for tooth eruption was not supported by the findings of a similar study. 7 Another suggestion is that the failure of the appropriate disintegra tion of Hertwig's epithelial root sheath can lead to the for mation of gaps of the cementoenamel junction, resulting in delayed eruption of permanent teeth. 11 The periodontal ligament cells of CCD patients may express an impaired ability to support osteoclastogenesis, which may, in part, account for the delayed tooth eruption. 8 It is unclear whether the prolonged retained deciduous teeth are anoth er cause or a result of the delayed eruption of permanent teeth. Suggested factors for prolonged retained deciduous teeth are the lack of eruption potential and the lack of cel lular cementum in the roots of permanent teeth.
14 lower premolar regions. This dense bone may have been related to a disturbance in bone resorption during normal tooth eruption. Case 3 exhibited some impacted permanent teeth with no additional eruption over a 13year period. The pres ence of 5 supernumerary teeth was confirmed by CBCT imaging. Supernumerary teeth could not be easily iden tified due to superimposition with adjacent structures on panoramic images. Delayed eruption could be explained by supernumerary teeth obstructing the eruption pathway, overlying dense alveolar bone, or other factors, such as the presence of incomplete cementum; however, these po tential explanations have not been clearly supported.
The supernumerary teeth observed in CCD may result from the local abundance of odontogenic epithelium in periodontal tissues of developing as well as fully devel oped teeth. 12 Supernumerary teeth can cause mechanical obstruction and may be the chief contributor to the im paction of permanent teeth observed in CCD. Other stud occurred in the patients in cases 1 and 2 when those pa tients underwent proper orthodontic treatment. The soon er that patients with CCD can be diagnosed and initially treated, the higher the likelihood of better results. 1 All 3 cases in this study displayed some common fea tures: delayed eruption of permanent teeth, supernumer ary teeth, underdevelopment of the maxilla, and clavicu lar hypoplasia. In case 2 in particular, parallelism of the mandibular ramus was apparent. 15 Further studies are needed to better understand the cause of delayed eruption in CCD. According to this re port, the causes of delayed permanent eruption were sim ilar, yet certain aspects were different. For example, only case 2 showed characteristic dense alveolar bone. Some potential factors, such as the incomplete cementum layer of the unerupted teeth or the reduced ability of the peri odontal ligament to induce osteoclastogenesis, may have contributed to delayed eruption in all 3 cases.
